A novel actinomycete, strain FX61 T , was isolated from a saline sample collected from the Inner Mongolian Autonomous Region in China and subjected to a taxonomic study using a polyphasic approach. The predominant menaquinones were MK-9(H 6 ), MK-9(H 8 ) and MK-9(H 4 ). The major fatty acids were iso-C 16 : 0 , anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 1 H, C 16 : 0 , iso-C 14 : 0 and anteiso-C 17 : 0 . The phospholipid profile contained diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, two phosphatidylinositol mannosides and an unidentified phospholipid. The G+C content of the genomic DNA was 72 mol%. 
The genus Streptomyces was initially introduced by Waksman & Henrici (1943) to encompass aerobic, sporeforming actinomycetes. At the time of writing, the genus Streptomyces encompasses nearly 600 species and subspecies with validly published names. Members of the genus Streptomyces are Gram-positive and have relatively high DNA G+C contents; produce extensively branched substrate and aerial mycelia; LL-diaminopimelic acid (LL-A 2 pm) of the cell wall is found and characteristic sugars are absent in the cell wall (Locci, 1989; Anderson & Wellington, 2001) . Many species of the genus Streptomyces are known to produce biologically active secondary metabolites, including antibiotics, enzymes, enzyme inhibitors, anti-tumour agents and anti-fungal compounds (Chun et al., 1997; Kim & Hwang, 2003) . In this study, strain FX61
T , a Streptomyces-like soil isolate, was characterized using a polyphasic approach.
Strain FX61
T was isolated from a saline soil sample from the Inner Mongolian Autonomous Region in China, after 7 days of incubation at 28 u C on glucose-yeast extractmalt extract (ISP 2; Shirling & Gottlieb, 1966) agar. Morphological, physiological and biochemical characterizations of strain FX61
T were carried out following the standard protocol of the International Streptomyces Project (ISP; Shirling & Gottlieb, 1966 , 1968a , b, 1969 . Colours were determined by using colour chips from the ISCC-NBS colour charts (standard samples, no. 2106; Kelly, 1964) . Plates were incubated for 4 weeks at 28 u C. Formation of spores and mycelia was determined by light microscopy (BH-2; Olympus) and scanning electron microscopy (JSM-5600LV; JEOL) of strain FX61
T grown on ISP 2 medium at 28 u C for 4 weeks. Carbon source utilization was determined according to the methods of Shirling & Gottlieb (1966) . Growth at different temperatures (4-65 u C), NaCl concentrations (0, 1, 2, 3, 4, 5, 10, 15, 20 and 25 %, w/v) and pH (4.0-10.0 at intervals of 1.0 pH unit) was determined on ISP 2 for 3-4 weeks (Zhao et al., 2009) . Acid production from carbohydrates was assessed as described by Gordon et al. (1974) . Oxidase activity was determined from the oxidation of tetramethyl-p-phenylenediamine. Catalase activity was determined with 3 % H 2 O 2 according to standard methods. Other phenotypic characteristics were tested using standard procedures (Goodfellow, 1971; Williams et al., 1983) . Antimicrobial activities of strain FX61
T were tested using the double-layer agar method (Wan et al., 2006) . Reference strains, purchased from the China General Microbiological Culture Collection Center (CGMCC), were Escherichia coli CGMCC 1.797, Staphylococcus aureus CGMCC 1.89, Bacillus subtilis CGMCC 1.1849 and Aspergillus niger CGMCC 3.2915. Susceptibility to antibiotics was tested by placing antibiotic-impregnated discs on ISP 2 plates that were seeded with suspensions of the test strain. The antibiotics (mg per disc unless otherwise stated) used were: chloramphenicol (30), gentamicin (10), kanamycin (30), nalidixic acid (30), novobiocin (5), penicillin G (20 international units), rifampicin (5), streptomycin (50), tetracycline (30), tobramycin (10) and sulfamethoxazole/ trimethoprim (23.75/1.25).
Biomass for chemotaxonomic studies was obtained after incubation at 28 u C for 7 days in shake flasks of ISP 2 broth medium. Fatty acid analyses were performed with cells grown on Tryptone Soy Broth Agar (TSBA) medium for 1 day. Amino acids and peptides in cell-wall hydrolysates were analysed by the methods described by Hasegawa et al. (1983) . Whole-cell sugars were analysed by the methods of Lechevalier & Lechevalier (1970) . Isoprenoid quinones were extracted according to the method of Collins et al. (1987) and analysed using reversed-phase HPLC and a YMC ODS-A (25064.6 mm) column. Phospholipids were examined and identified using the method of Minnikin et al. (1979) . The fatty acids were extracted and fatty acid methyl esters were prepared according to the standard protocol of the MIDI/Hewlett Packard Microbial Identification System (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) ; the database used was TSBA40. The DNA G+C content was determined by thermal denaturation method (Marmur & Doty, 1962) .
Cell biomass for DNA extraction was obtained from cultivation in ISP 2 at 28 u C. Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were performed as described by Li et al. (2007) . The EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/) was used for determining the closest known relatives of the strain FX61
T and calculating their sequence similarities. The resultant 16S rRNA gene sequence was compared with those available from the GenBank database by using the BLAST program provided by the NCBI (Altschul et al., 1997) . Multiple alignments with closely related species were performed using CLUSTAL X 1.8 software (Thompson et al., 1997) . Evolutionary distances were calculated by using distance options according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees were reconstructed with the neighbour-joining (NJ; Saitou & Nei, 1987) and maximum-parsimony (MP; Kluge & Farris, 1969) T and Streptomyces luteosporeus ATCC 33049 T ) were carried out using a thermal denaturation procedure (De Ley et al., 1970; Huß et al., 1983 ) with a UV-1206 spectrophotometer (Shimadzu) fitted with a TB-85 thermobath and standard software (Jahnke, 1992) . Hybridization was performed with five replications for each sample. The highest and lowest values obtained in each sample were excluded and the means of the remaining three values were quoted as DNA-DNA relatedness values.
Morphological observation of a 28-day-old culture of strain FX61
T grown on ISP 2 (yeast extract-malt extract agar) revealed that strain FX61
T had the typical characteristics of members of the genus Streptomyces. Aerial mycelium and substrate mycelium were well-developed without fragmentation. Cultural characteristics on various agar media are given in Table 1 . Long spore chains were spiral and spores were smooth and non-motile (Fig. 1) . Strain FX61
T grew well between pH 4.0 and pH 12.0, with optimum growth at pH 6.0-8.0. It grew at 15-40 u C, with optimum growth at 28 u C. Strain FX61
T grew in the presence of 0-9 % (w/v) NaCl. Mycelia of strain FX61 T were well-developed on some media tested, including ISP 2, ISP 3 (oatmeal agar), nutrient agar, Czapek's agar, potato-dextrose agar (glycerol-asparagine agar) and ISP 4 (inorganic salts-starch agar), but growth was poor on ISP 5. The antimicrobial activities of strain FX61
T were investigated; it displayed excellent activity against B. subtilis CGMCC 1.1849, but showed no activities against E. coli CGMCC 1.797, Staphylococcus aureus CGMCC 1.89 and Aspergillus niger CGMCC 3.2915.
The cell wall of strain FX61
T contained LL-diaminopimelic acid as the major diamino acid. Whole-cell hydrolysates contained glucose, galactose, ribose and mannose. The menaquinones were MK-9(H 6 ) (59.6 %), MK-9(H 8 ) (27.0 %) and MK-9(H 4 ) (8.6 %) and the phospholipids were diphosphatidylglycerol, phosphatidylglycerol, T were consistent with its assignment to the genus Streptomyces.
An almost complete 16S rRNA gene sequence (1403 nt) of strain FX61
T was obtained and compared with the GenBank/EMBL/DDBJ databases using a BLAST search. The sequence of the novel strain showed one remarkable difference to the other closely related type strains, between E. coli positions 1133-1139 (corresponding to positions 1050-1057 in the sequence of the novel strain). Comparative 16S rRNA gene sequence analyses showed that strain FX61
T was affiliated phylogenetically with 
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S. luteosporeus ATCC 33049 T (DQ442525) T (98.0 %). The region of the 16S rRNA gene used for the reconstruction of the phylogenetic trees corresponded to positions 84-1485 of the E. coli sequence. It was apparent from the neighbour-joining tree (Fig. 2) that strain FX61 T formed a tight cluster with species of the genus Streptomyces. The maximum-parsimony tree (Fig. S2) T (22.0 %), which are well below the 70 % cut-off point for recognition of genomic species (Stackebrandt & Goebel, 1994) , suggesting that strain FX61 T should be considered to represent a different genomic species of the genus Streptomyces.
In summary, phylogenetic results and chemotaxonomic analyses indicated that strain FX61 T belonged to the genus Streptomyces. A phenotypic comparison between strain FX61 T and closely related species of the genus Streptomyces was carried out and differential characteristics of the above strains were identified (Table 2) . Low DNA-DNA relatedness values were detected between the novel isolate and closely related species of the genus Streptomyces. It is apparent that strain FX61
T is not affiliated to any recognized species of the genus Streptomyces. Therefore, on the basis of the data presented above, strain FX61 T represents a novel species of the genus Streptomyces, for which the name Streptomyces wuyuanensis sp. nov. is proposed.
Description of Streptomyces wuyuanensis sp. nov.
Streptomyces wuyuanensis (wu.yu.an.en9sis. N.L. masc. adj. wuyuanensis of or pertaining to Wuyuan, Inner Mongolian Autonomous Region, China, the site from which the type strain was isolated).
Gram-stain-positive, aerobic and non-motile. Long spore chains are spiral; spores are smooth and non-motile. Aerial mycelium is oyster white to grey, substrate mycelium is white to yellow. Soluble pigments are not produced. Additional cultural characteristics on various agar media are given in Table 1 . The temperature range for growth is 15-40 u C (optimum, 28 u C). Growth occurs at pH 4.0-12.0 (optimum, pH 6.0-8.0) and in the presence of 0-9 % NaCl. Catalase is produced. Negative result for . +, Well-utilized/present; M, moderately well-utilized/present. W, weakly utilized; 2, not utilized/absent; ND, not determined. G, grey colour series; GR, grey-red; OD, olive grey-dark reddish-brown; RO, red-orange; RV, red-violet; WG, oyster white-grey; WP, white-pinkish; WY, white-yellow; YB, yellow-dark brown; YY, yellow-yellow brown. All data are from this study. The phospholipid profile contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, two phosphatidylinositol mannosides and an unidentified phospholipid. The quinone system is composed of the major compounds MK-9(H 6 ) and MK-9(H 8 ) and minor amounts of MK-9(H 4 ). The major cellular fatty acids are iso-C 16 : 0 , anteiso-C 15 : 0 , iso-C 15 : 0 , iso-C 16 : 1 H, C 16 : 0 , iso-C 14 : 0 and anteiso-C 17 : 0 .
The type strain, FX61 T (5CGMCC 4.7042 T 5KCTC 29112 T ), was isolated from a soil sample of the Inner Mongolian Autonomous Region, China. The DNA G+C content of the type strain is 72 mol%.
